Background and purpose: Complete surgical resection of cervical spine tumors is often challenging when there is tumor encasement of major neck vessels. Pre-operative endovascular sacrifice of the major vessels can facilitate safe tumor resection. The use of transarterial detachable coils has been described in this setting, but it can be time-consuming and costly to occlude a patent parent vessel using this method. Our aim was to evaluate the safety and effectiveness of our endovascular detachable balloon occlusion technique, performed without prior balloon test occlusion in the pre-operative management of these tumors. Methods: We retrospectively reviewed 18 consecutive patients undergoing pre-operative unilateral permanent endovascular balloon occlusion of tumor-encased vertebral arteries in our institution. Procedure-related ischemic or thromboembolic complication was defined as focal neurologic deficit attributable to the endovascular occlusion which occurs before subsequent surgical resection. Results: Successful pre-operative endovascular vertebral artery sacrifice using detachable balloons was achieved in 100% (n ¼ 18) of cases without prior balloon test occlusion. Procedural complication rate was 5.6% as one patient developed transient focal neurology secondary to a delayed cerebellar infarct at home on day 11 and subsequently made a full recovery. There were no cases of distal balloon migration. Complete macroscopic resection of tumor as reported by the operating surgeon was achieved in 89% of cases. Conclusion: Pre-operative endovascular sacrifice of the vertebral artery using detachable balloons and without prior balloon test occlusion is a safe procedure with low complication rates and good surgeon reported rates of total resection.
Introduction
Surgical resection of tumors of the cervical spine can be challenging when the tumor encases a major neck vessel. [1] [2] [3] [4] [5] Tumor encasement may hamper attempts at complete resection and resection and may result in vascular injury or excessive morbidity. 1, [5] [6] [7] Furthermore, attempts at intraoperative vessel sacrifice may risk higher rates of acute neurological ischemia. 5, 6 Pre-operative endovascular large vessel sacrifice can be helpful to facilitate complete resection. [7] [8] [9] [10] We postulate that pre-operative permanent balloon occlusion of an encased vertebral artery is safe effective and allows the surgeon to be confident of safe total resection of these challenging tumors.
We present our experience of elective pre-operative detachable balloon sacrifice of a single encased vertebral artery, without antecedent balloon test occlusion, as an adjunct to surgical resection of cervical spine tumors.
Methods
Consecutive cases referred for pre-operative vertebral artery occlusion over a 12 year period (2000-2012) were retrospectively reviewed. Case notes, angiographic reports, angiographic imaging, and histological reports were reviewed. Demographic patient features and tumor information were recorded. Outcome measures were: technical success of embolization, side of vertebral artery occluded, number of balloons used, evidence for immediate and late distal ischemic complications, and surgeon-reported completeness of tumoral resection.
The decision to attempt occlusion of an encased vertebral artery was made after multidisciplinary evaluation of clinical information and cross-sectional imaging. The only absolute contraindication to occlusion was absent or severely hypoplastic intradural segment of the contralateral vertebral artery considered angiographically inadequate to support the posterior circulation. All endovascular procedures were performed under general anesthetic by an experienced consultant neuroradiologist in a modern biplane angiography suite (AXIOM Artis FD Biplane Angiosuite with DynaCT; Siemens Medical Solutions, Erlangen, Germany). Initial transfemoral arteriography included bilateral selective injections into internal carotid and vertebral arteries to evaluate the relative vertebral artery contribution (Figure 1 ), integrity of collateral supply and location of major inputs to the anterior spinal axis. Vertebral artery balloon test occlusion was not considered necessary as its veracity in predicting subsequent ischaemia has not been established. 8 Dominance of the affected vertebral artery was not considered to be a contraindication to vessel sacrifice.
Under full heparinization, a 6Fr large lumen guide catheter or sheath (Cook Shuttle, Neuron Max) was positioned proximally in the target artery. A Goldbal balloon (Balt Extrusion, Montmorency, France) was selected based on the size of the parent artery and length of segment to be occluded. The balloon was positioned in the target vertebral artery distal to the encased segment and under fluoroscopic guidance, inflated and detached. A further one or more often two balloons were similarly positioned and inflated and detached proximal to the encased segment to prevent distal embolization of the primary balloon and to trap the encased segment.
Final ipsilateral vertebral angiography was performed to confirm flow arrest ( Figure 1 ) and contralateral vertebral injection to document retrograde filling of the distal vertebral stump to the level of the posterior inferior cerebellar artery. The patient was extubated and transferred to intensive care unit for close hemodynamic and neurological monitoring with generous IV fluid hydration and fractionated heparin continued for 24 to 72 hours to maintain an APTT (Activated partial thromboplastin time) of 2 times baseline.
Subsequent surgical tumor resection was performed by an experienced consultant neurosurgeon usually some days after the balloon occlusion procedure, once the typical 72 hour period of heparinization had ceased. The median interval between embolization and surgery was 12.5 days (range 1-60 days).
At surgery, the vertebral artery was exposed distal and proximal to the tumor, either by a posterior approach and facetectomy, or by an anterior approach and exposure of the vertebral artery lateral to the vertebral body. The vertebral artery was ligated or clipped proximal to the proximal balloon, and distal to the most distal balloon wherever possible, although sometimes the vessel was ligated at the level of the balloon with simultaneous needle puncture of the balloon to allow reliable closure of the vessel lumen.
Follow-up of all patients was clinical with procedure related stroke defined as clinical evidence of new focal neurologic deficit developing within the first 30 days of vertebral artery sacrifice and prior to surgical resection.
Results
Eighteen consecutive patients with cervical tumor encasing one of the vertebral arteries were selected for treatment between 2000 and 2012. There were an equal number of male and female patients (n ¼ 9) with a mean age of 39.7 years (range 19-59).
In all 18 patients, the initial angiographic anatomy suitable for vessel sacrifice. A mean of 2.4 Goldbal balloons were deployed per procedure (range 2-4 balloons) at cervical levels between C1 and C7. There was no balloon displacement or other technical complications and vessel occlusion was achieved in each case ( Figure 1 ). The left vertebral artery was treated in 15 of 18 cases and the right in three.
All patients had an uneventful early post-operative course. Some reported ipsilateral neck pain, attributed to local mass effect from the balloon. This was controlled by simple analgesics and usually resolved within 48 hours.
There was one (5.6%) endovascular procedure related complication. A female patient developed a cerebellar syndrome at day 11 whilst at home awaiting surgical tumor resection ( Figure 2 ). Magnetic resonance imaging (MRI) showed an acute infarct in the left cerebellar hemisphere and vermis the mechanism which remains unclear. The vertebral arteries were codominant in this particular patient and post procedural angiography through the contralateral vertebral artery was unremarkable (Figure 2(d) ). The patient made a full subsequent clinical recovery before surgery.
Mean interval between embolization and surgery was 18.6 days, median 12.5 days (range: 1-60 days).
The surgeon reported complete macroscopic resection in 89% (n ¼ 16) of cases.
Tumors were malignant in 78% (n ¼ 14) and benign in 22% (n ¼ 4) of patients. There was a range of histological diagnoses: chondrosarcoma (n ¼ 3), epithelioid fibrosarcoma (n ¼ 2), malignant peripheral nerve sheath tumor (n ¼ 2), osteosarcoma (n ¼ 1), synovial sarcoma (n ¼ 1), adenocarcinoma metastases (n ¼ 2) spindle cell sarcoma (n ¼ 1), and chordoma (n ¼ 2). All patients (n ¼ 18) were alive at 30 days post surgery, none with clinically apparent neurological deficit and only one requiring a blood transfusion post surgery.
Discussion
Iatrogenic vertebral artery occlusion carries risk of a posterior circulation stroke with potential for severely morbid consequences. 1, 11 However, published data suggest that clinically evident ischemic complication is relatively infrequent following unilateral vertebral artery occlusion. 2, 8, 12 Dual vertebral artery inflow to the basilar trunk and multiple potential collateral inputs to the distal vertebral arteries from cervical and external carotid arteries as well as retrograde flow from the circle of Willis is protective against ischemic complication. 8 Provided there is a patent and disease free contralateral vertebral contribution, this network is usually protective against ischemia even when the dominant vertebral artery is sacrificed. 2, 8, 12 Unilateral ligation of the cervical segment of a vertebral artery has an established surgical technique for many decades. 2, 13 Evolving endovascular techniques of vessel sacrifice emerged subsequently as useful strategies in the management of cranial vascular pathologies. 3, 8, 14, 15 Most published endovascular experience focuses on carotid artery sacrifice which is conventionally preceded by a balloon test occlusion to establish the integrity of the circle of Willis and identify patients prone to an ischemic complication. 6, 16 By contrast, the utility of test occlusion prior to vertebral artery sacrifice is less clear. 4, 17 Zoarski and Seth in a recent article demonstrated a low ischemic complication rate in a series of 58 patients undergoing endovascular unilateral vertebral artery sacrifice without antecedent balloon test occlusion. 8 In early practice, detachable latex and silicone balloons had been the preferred treatment for endovascular sacrifice of the carotid and vertebral arteries. [18] [19] [20] With the universal uptake of detachable endovascular coils over the last two decades, detachable balloons largely fallen out of usage, lacking as it does, FDA approval. 21 Most of the recent published safety data of endovascular vertebral artery large sacrifice relates to detachable coil techniques. 4, 8, 14, 17 Furthermore, the use of detachable coils for this purpose, with or without proximal flow arrest has been shown to be safe with low clinically apparent ischemic complication rates. 3, 4, 17, 22 However, coil occlusion of large vessels can be both time-consuming and expensive, often requiring several coils to achieve complete cessation of flow. 3, 22 Accordingly, their utility in cases of major hemorrhage where rapid cessation of flow is required has occasionally been questioned. 3 The detachable balloon occlusion technique has the advantage of causing an immediate cessation of flow at the point of primary deployment. This avoids long periods of impeded flow through a thrombosing coil mass during which theoretically at least there may be increased possibility of distal embolic events. Several authors reporting low thromboembolic rate following vertebral artery sacrifice using detachable coils nonetheless accept the possibility of missed silent ischemic events. 3, 8 The utility and safety of endovascular sacrifice of a single vertebral artery has most often been described in an acute setting or to secure anatomically challenging vertebrobasilar aneurysms. 4, 14, 17, [23] [24] [25] The majority of these in the recent literature employ detachable coils as their primary embolization device with relatively little data on the safety and role of detachable balloons for vertebral artery sacrifice in the elective treatment of tumors. 3, 8, 25 Detachable balloons are technically challenging to prepare and carry risks of potentially disastrous distal embolization as well as subsequent deflation and delayed vessel recanalization if used inappropriately. 26 Usage of endovascular detachable balloons shows some recent resurgence however, mostly in the carotid arteries following successful balloon test occlusion. 6, 14, 16 The advantage of detachable balloons in their ability to achieve rapid and durable flow arrest can be invaluable in acute vessel injury with extravasation and the management of certain arteriovenous fistulae. 3, 15 In experienced hands, detachable balloons may offer further advantages including anatomical accuracy of placement, cost effective flow arrest with lower consequent radiation dose.
Given the potential adverse consequences of vertebral artery occlusion, the decision to proceed was made on an individual case basis following full multidisciplinary discussion with rigorous assessment of cross sectional and angiographic anatomy. We did not perform vertebral artery test occlusion as its role remains unclear in this patient group. 4, 8, 17 Procedure related morbidity was low with a 5.6% (n ¼ 1) rate of procedure related temporary neurological complication but no permanent deficit ( Figure 2 ). This particular patient had a diagnosed chondrosarcoma at C4/5 encasing the co-dominant left vertebral artery. Goldbal balloons were deployed uneventfully above and below the level of the tumor-encased segment. The left intradural segment of the vertebral artery filled retrogradely to the level of the posterior inferior cerebellar artery post procedure (Figure 2 ). Post procedure, the patient was placed on a therapeutic dose of subcutaneous heparin for 72 hours and subsequently discharged with no further therapy. She represented acutely at her local hospital day 11 with an acute cerebellar syndrome.
Our findings are consistent with the low published rates of thromboembolic complication of endovascular sacrifice of vertebral artery using detachable coils with rates varying from 0 to 25%. 3, 4, 14, 15, 22 Furthermore, our findings support the growing evidence that an antecedent balloon test occlusion of a vertebral artery is neither necessary nor helpful in predicting ischemic deficits. 2, 8, 17 High macroscopic complete resection rates, as adjudged by the operating surgeon, of 89% (n ¼ 16) and low rate of major hemorrhage requiring blood transfusion of 5.6% (n ¼ 1) supports anecdotal reports from surgical staff that this procedure creates a more favorable surgical field. They further report that the balloons effectively acting as additional indicator to identify anatomical margins of the tumor (Figure 3 ). Clearly a case-controlled study would be desirable, but not practical in this uncommon cohort.
Conclusion
Our experience suggests that pre-operative detachable balloon occlusion of an encased vertebral is a safe and useful adjunct to tumor resection in carefully selected patients. The role of pre-procedural balloon test occlusion is unclear in this patient group and did not form part of our protocol. Complication rates were low and compared favorably with published data on large vessel sacrifice using other techniques.
